Impact of amputation level and comorbidities on functional status of nursing home residents after lower extremity amputation  by Vogel, Todd R. et al.
From the Midwestern Vascular Surgical SocietyFrom
m
M
This
N
te
re
Auth
Pres
Su
Add
Rep
D
H
The
to
m
0741
Cop
httpImpact of amputation level and comorbidities on
functional status of nursing home residents after
lower extremity amputation
Todd R. Vogel, MD, MPH,a Gregory F. Petroski, PhD,b and Robin L. Kruse, PhD,c Columbia, Mo
Objective: Theabilityofnursinghomeresidents to function independently is associatedwith their qualityof life.The impact of
amputations on functional status in this population remains unclear. This analysis evaluated the effect of amputationsd
transmetatarsal (TM), below-knee (BK), and above-knee (AK)don the ability of residents to perform self-care activities.
Methods:Medicare inpatient claims were linked with nursing home assessment data to identify admissions for amputation.
The Minimum Data Set Activities of Daily Living Long Form Score (0-28; higher numbers indicating greater impair-
ment), based on seven activities of daily living, was calculated before and after amputation. Hierarchical modeling
determined the effect of the surgery on postamputation function of residents. Controlling for comorbidity, cognition,
and prehospital function allowed for evaluation of Activities of Daily Living trajectories over time.
Results: In total, 4965 residents underwent amputation: 490 TM, 1596 BK, and 2879 AK. Mean age was 81 years, and
54% of the patients were women. Most were white (67%) or black (26.5%). Comorbidities before amputation included
diabetes mellitus (70.7%), coronary heart disease (57.1%), chronic kidney disease (53.6%), and/or congestive heart failure
(52.1%). Mortality within 30 days of hospital discharge was 9.0%, and hospital readmission was 27.7%. Stroke, end-stage
renal disease, and poor baseline cognitive function were associated with the poorest functional outcome after amputation.
Compared with residents who received TM amputation, those who had BK or AK amputation recovered more slowly and
failed to return to baseline function by 6months. BKwas found to have a superior functional trajectory compared with AK.
Conclusions: Elderly nursing home residents undergoing BK or AK amputation failed to return to their functional
baseline within 6 months. Among frail elderly nursing home residents, higher amputation level, stroke, end-stage renal
disease, poor baseline cognitive scores, and female sex were associated with inferior functional status after amputation.
These factors should be strongly assessed to maintain activities of daily living and quality of life in the nursing home
population. (J Vasc Surg 2014;59:1323-30.)Although amputation is a common procedure per-
formed in elderly patients, few data exist regarding the
effects of amputation on their functional status and the
impact of these procedures on Activities of Daily Living
(ADL) in nursing home residents. ADL are a person’s basic
personal care activities such as eating, dressing, and
mobility and are associated with nursing home residents’
quality of life. ADL impairments are associated with hospi-
tal admission,1 death,2 and poorer physical health.3 Data
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://dx.doi.org/10.1016/j.jvs.2013.11.076Data Set (MDS), the assessment portion of the Resident
Assessment Instrument, a federally mandated process for
all residents in nursing homes that are certiﬁed by Medicaid
or Medicare.4 In addition to ADL, the MDS includes infor-
mation on cognition, communication, behavior, diagnoses,
nutrition, activity, medication, and other treatments. For
analysis, seven activities’ scores were summed to form a scale
from 0-28, with 0 indicating complete independence in all
seven activities and 28 indicating complete dependence.
MDS assessments are used to develop detailed care plans
for nursing home residents. Self-performance of ADL activ-
ities on the MDS have shown good reliability: Spearman-
Brown correlations for six ADLs was 0.75 or higher,5 and
dual assessments by trained nurses yielded high Spearman-
Brown intraclass correlations (0.92).6 In addition to care
planning, MDS data can be used to calculate ADL summary
scales that represent a resident’s ADL status.5 To determine
the functional outcomes of nursing home residents after
amputation, we evaluated their ADL function before and
after amputations that included above-knee (AK), below-
knee (BK), and transmetatarsal (TM) procedures. The
association of comorbidities and cognitive status on the
functional trajectories after intervention were also assessed.
METHODS
We examined physical function of long-term nursing
home residents before and after a hospitalization during
which an amputation was performed. We used hierarchical1323
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tion level and posthospital trajectories of ADL function.
The study was approved by the Health Sciences Institu-
tional Review Board at the University of Missouri.
Data and measures. We linked Medicare inpatient
claims for 2006-2007 with nursing home MDS assess-
ments to form a cohort of long-stay residents who were
hospitalized for an amputation. MDS assessments are used
to develop comprehensive care plans and are federally
mandated for all residents of nursing homes that are
certiﬁed by Medicare or Medicaid.4 Typically, MDS as-
sessments are performed quarterly, with more detailed as-
sessments occurring at least annually. MDS assessments
may also occur when a resident’s status changes substan-
tially or when they receive Medicare-paid skilled nursing
care after hospitalization. We included each resident’s last
prehospital MDS assessment and all posthospital MDS
assessments during the 6 months after hospital discharge,
up to the point of readmission or death.
We used the MDS ADL long form score5 to represent
ADL function. The score is a sum of seven variables rep-
resenting self-care activities on the MDS (bed mobility,
self-transfer, locomotion on unit, dressing, eating, toilet-
ing, and personal hygiene). These activities are scored
from 0-4, in which 0 indicates independence in perform-
ing the activity and 4 indicates total dependence on others
(see Appendix for a detailed explanation, online only).
Activities that did not occur at all during the prior week
are given a score of 8; 8’s are recoded to 4’s to calculate
the scale. The sum varies from 0-28, with 0 indicating
complete independence in all seven activities and 28
indicating complete dependence. A 2-point change in
the total score indicates new or substantially increased
requirement for physical assistance for one component ac-
tivity or the addition of new supervision, cueing, or phys-
ical assistance for two ADL items. A 1-point change
indicates new supervision or cueing or new or increased
physical assistance for one ADL. Carpenter7 reported
that a 1-point change on the scale represents clinically
meaningful change. With the use of a similar scale that
is based on summing scores for ﬁve ADL items, McCon-
nell8 also considered a 1-point change on a 0- to 20-point
scale as clinically important. We also calculated the
Cognitive Performance Scale (CPS) from each resident’s
ﬁrst included MDS assessment.9 The CPS is a 0-6 scale,
with 0 representing intact cognition and 6 representing
severe cognitive impairment.
We used beneﬁciary summary ﬁles and MDS assess-
ments to determine residents’ demographic characteristics.
Medicare data, prior MDS assessments, and the Chronic
Condition Warehouse data furnished by the Centers for
Medicare and Medicaid Services were used to determine
comorbid diagnoses present before the amputation. We
calculated the Charlson Comorbidity Index10 on the basis
of prior and hospital diagnoses to represent each resident’s
overall comorbid burden. The Charlson Index assigns from
1-6 points to 16 comorbid conditions such as heart disease,
dementia, and cancer, on the basis of the mortality riskassociated with each. The sum ranges from 0, for a person
with no comorbidities, to 33, for an individual with the
severest form of all included conditions.
Population. We included the ﬁrst qualifying stay for
residents with an inpatient admission during which an
amputation was performed. The following International
Classiﬁcation of Diseases, Ninth Revision (ICD-9) pro-
cedure codes were used to select TM, BK, and AK
amputations, respectively: 84.12, 84.15, and 84.17 (disar-
ticulations of the ankle or knee were too rare to include).
Because coding makes it impossible to determine the
number of limbs involved, admissions with prior AK pro-
cedures were excluded, as were admissions with multiple
amputations.We excluded admissions during which a stroke
occurred and admissions with a stroke in the previous
6 months because stroke has a substantial and lasting effect
on ADL.11 Qualifying stays had at least one MDS assess-
ment within 60 days before hospital admission, hospital
length of stay of 1-30 days, admission on or after May 1,
2006, and discharge before August 1, 2007. We included
residents who were at least 67 years of age as of January 1,
2006, so that we would have 2 years of prior Medicare data
to provide information on comorbid conditions; there was
no upper cutoff for age. We excluded residents with health
maintenance organization membership during 2006-2007
(health maintenance organizations do not report hospital
data); residents <67 years of age as of January 1, 2006;
residents with no record in the 2006-2007 beneﬁciary
summary ﬁles; residents with no Medicare Part A coverage
for either year; residents with more than 20 hospital stays in
2006-2007; and residents who died in the hospital.
Statistical analysis. We used SAS for Windows,
version 9.3 (SAS Institute, Cary, NC) for all analyses.
Characteristics of residents who received the three types
of amputations were compared by means of c2 analysis.
Residents’ demographic characteristics, type of procedure,
prehospital diagnoses, cognitive performance, Charlson
Comorbidity Index,10 and baseline ADL score were
included as independent variables in a linear mixed model
of ADL performance. The Charlson Index reﬂected both
previous and current diagnoses. Because few residents
(2.5%) had a Charlson Index10 >10, we truncated it at 10
for modeling. To accommodate variation in the number
and timing of an individual’s ADL measurements, the
ADL intercept and slope were treated as both ﬁxed and
random effects.12 Time since hospital discharge was
measured in months. Initially, the model included all two-
and three-way interaction terms involving time and pro-
cedure type as well as selected covariates (demographic
characteristics, prior health care use). We retained cova-
riates and interaction terms that remained statistically
signiﬁcant as well as acute myocardial infarction and
chronic kidney disease.
Because truncating residents’ ADL trajectories as the
result of either death or readmission could represent infor-
mative dropout, we also tested a shared parameter model13
in which ADL trajectory and time to dropout were
modeled simultaneously. The parameter estimates from
Fig 1. Derivation of study cohort from population of long-stay nursing home residents who were Medicare-eligible,
2006-2007. AK, Above knee; BK, below knee; MDS, Minimum Data Set; TM, transmetatarsal.
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present results from only the simpler mixed model.
RESULTS
Derivation of the analytic sample is shown in Fig 1. Of
the 25,066 long-stay residents who had an amputation
during the study period, we excluded 18,562 with no qual-
ifying admission, primarily because there was no pre-
hospital MDS, the resident had a prior AK amputation,
or the timing of the hospital stay did not allow for sufﬁcient
follow-up. We further excluded 1539 residents with a
stroke in the prior 6 months who died in the hospital or
who lacked sufﬁcient follow-up data. We identiﬁed 4965
residents who met inclusion criteria: 490 received a TM
procedure, 1596 received a BK procedure, and 2879
received an AK procedure (Table I). More than half were
women (54.0%), with women overrepresented in the AK
group (58.0%; P < .001). Less than half (45.3%) were
76-85 years of age; patients older than 85 years were
more likely to receive AK procedures than were younger
patients (P < .001). Most residents had at least moderateADL impairment (range, 11-20) on their last prehospital
assessment; only 9.9% scored <11 on the 28-point ADL
scale. Slightly more than half had mild to no cognitive
impairment (CPS, 0-2; 53.6%), and 34.7% had moderate
impairment (CPS, 3-4). Residents who had AK procedures
had worse baseline ADL and CPS scores than did the other
two groups (both P < .001). Chronic comorbidities were
common: more than half of the residents had diabetes
(70.7%), coronary heart disease (57.1%), congestive heart
failure (52.1%), and/or chronic kidney failure (53.6%).
All of these diagnoses were less prevalent in the AK group
(all P < .001).
Most residents (79.2%) had been hospitalized during
the previous 6 months, with the AK group having fewer
prior hospitalizations. More residents in the TM group
had hospital stays of at least 11 days than either the BK
(38.6%) or AK (33.4%) groups (P < .001). The mean
length of stay was 9.7 days overall, with the longest mean
stay in the TM group (10.9 days).
The posthospital ADL trajectories model is shown in
Table II. “Factors affecting the amount of ADL change”
Table I. Characteristics of long-stay nursing home residents who were hospitalized for amputationa
Characteristic
Procedure type, No. (%)
Total (N ¼ 4965)
P
valuebTM (n ¼ 490) BK (n ¼ 1596) AK (n ¼ 2879)
Demographics
Sex <.001
Female 240 (49.0) 773 (48.4) 1669 (58.0) 2682 (54.0)
Male 250 (51.0) 823 (51.6) 1210 (42.0) 2283 (46.0)
Age, years <.001
67-75 161 (32.9) 509 (31.9) 666 (23.1) 1336 (26.9)
76-85 227 (46.3) 744 (46.6) 1276 (44.3) 2247 (45.3)
$86 102 (20.8) 343 (21.5) 937 (32.6) 1382 (27.8)
Racec
Black 93 (19.0) 375 (23.5) 845 (29.4) 1313 (26.4) <.001
Hispanic 32 (6.5) 75 (4.7) 130 (4.5) 237 (4.8)
White 357 (72.9) 1107 (69.4) 1863 (64.7) 3327 (67.0)
Unknown 8 (1.6) 39 (2.4) 41 (1.4) 88 (1.8)
ADL score (prehospital) <.001
0-10 104 (21.2) 183 (11.5) 203 (7.0) 490 (9.9)
11-15 106 (21.6) 300 (18.8) 321 (11.2) 727 (14.6)
16-20 179 (36.5) 640 (40.1) 847 (29.4) 1666 (33.6)
21-28 101 (20.6) 473 (29.6) 1508 (52.4) 2082 (41.9)
CPS (prehospital) <.001
Mildly/not impaired (CPS 0-2) 365 (74.5) 1057 (66.2) 1241 (43.1) 2663 (53.6)
Moderately impaired (CPS 3-4) 102 (20.8) 455 (28.5) 1167 (40.5) 1724 (34.7)
Severely impaired (CPS 5-6) 23 (4.7) 84 (5.3) 471 (16.4) 578 (11.6)
Prior health care use
Hospital stays during previous 6 months <.001
0 57 (11.6) 235 (14.7) 740 (25.7) 1032 (20.8)
1 172 (35.1) 485 (30.4) 911 (31.6) 1568 (31.6)
$2 261 (53.3) 876 (54.9) 1228 (42.7) 2365 (47.6)
Diagnoses before hospital admission
Acute myocardial infarction 46 (9.4) 162 (10.2) 226 (7.8) 434 (8.7) .029
Chronic kidney disease 283 (57.8) 979 (61.3) 1399 (48.6) 2661 (53.6) <.001
Congestive heart failure 287 (58.6) 889 (55.7) 1411 (49.0) 2587 (52.1) <.001
Coronary heart disease 313 (63.9) 983 (61.6) 1538 (53.4) 2834 (57.1) <.001
Diabetes 394 (80.4) 1258 (78.8) 1857 (64.5) 3509 (70.7) <.001
ESRD 86 (17.6) 244 (15.3) 226 (7.8) 556 (11.2) <.001
Stroke/transient ischemic attack 119 (24.3) 414 (25.9) 1056 (36.7) 1589 (32.0) <.001
Charlson Comorbidity Index (prior and current diagnoses) <.001
0-3 98 (20.0) 306 (19.2) 926 (32.2) 1330 (26.8)
4-5 132 (26.9) 407 (25.5) 820 (28.5) 1359 (27.4)
6-8 186 (38.0) 676 (42.4) 846 (29.4) 1708 (34.4)
$9 74 (15.1) 207 (13.0) 287 (10.0) 568 (11.4)
Hospital length of stay, days <.001
<2 days 14 (2.9) 12 (0.8) 28 (1.0) 54 (1.1)
2-5 days 96 (19.6) 418 (26.2) 820 (28.5) 1334 (26.9)
6-10 days 166 (33.9) 550 (34.5) 1070 (37.2) 1786 (36.0)
>10 days 214 (43.7) 616 (38.6) 961 (33.4) 1791 (36.1)
MDS assessments after hospital discharge .013
1 155 (31.6) 411 (25.8) 730 (25.4) 1296 (26.1)
$2 335 (68.4) 1185 (74.2) 2149 (74.6) 3669 (73.9)
ADL, Activities of Daily Living; AK, above knee; BK, below knee; CPS, Cognitive Performance Score; ESRD, end-stage renal disease; MDS, Minimum Data
Set; TM, transmetatarsal.
aColumn percentages do not always add up to 100% as the result of rounding error.
bc2 comparing the three amputation level groups.
cVersion 2 of the MDS is limited to these categories for race and ethnicity.
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they either increase or decrease the ADL score by a ﬁxed
amount. Because higher scores indicate greater need for
assistance with ADL, positive coefﬁcients indicate worse
ADL impairment. For each additional point on the ADL
score before hospitalization, posthospital scores were 0.45
points higher (P < .001). Higher CPS scores were similarlyassociated with higher posthospital ADL impairment (P <
.001). Posthospital ADL scores were somewhat better for
men than women, whereas greater age and hospital length
of stay were associated with higher posthospital ADL
impairment. Stroke, end-stage renal disease (ESRD), and
diabetes were associated with worse posthospital ADL
scores, whereas residents with coronary heart disease did
Table II. Hierarchical linear model of ADL trajectories after amputation, adjusted for procedure type, baseline ADL, and
cognition, demographic characteristics, and comorbid diagnosesa
Variable Parameter estimate (95% CI) P value
Intercept 10.25 (9.80-10.69) <.001
Factors affecting the amount of ADL change (intercept)
Baseline ADL score (0-28) 0.45 (0.43-0.46) <.001
Cognitive Performance Score (0-6) 0.52 (0.46-0.58) <.001
Sex (male ¼ 1, female ¼ 0) 0.37 (0.56 to 0.18) <.001
Age (centered at mean of 80.7 years) 0.06 (0.05-0.07) <.001
Hospital length of stay (centered at median of 8 days) 0.09 (0.07-0.10) <.001
Prehospital diagnoses
Acute myocardial infarction 0.01 (0.35 to 0.33) .95
Stroke 0.51 (0.30-0.71) <.001
Chronic kidney disease 0.18 (0.38 to 0.02) .078
ESRD 0.61 (0.29-0.92) <.001
Coronary heart disease 0.31 (0.51 to 0.11) .002
Diabetes 0.22 (0.01-0.44) .040
Type of procedure
BK 1.33 (0.99-1.67) <.001
AK 1.83 (1.50-2.16) <.001
Factors affecting the rate of ADL change (slope)
Time, months 1.06 (1.27 to 0.85) <.001
Acute myocardial infarctionb 0.20 (0.40 to 0.00) .055
Prior strokeb 0.26 (0.15-0.37) <.001
Coronary heart diseaseb 0.16 (0.26 to 0.05) .004
BK procedure (compared with TM)b 0.32 (0.10-0.54) .005
AK procedure (compared with TM)b 0.67 (0.46-0.89) <.001
ADL, Activities of Daily Living; AK, above knee; BK, below knee; CI, conﬁdence interval; ESRD, end-stage renal disease; TM, transmetatarsal.
a“Factors affecting the amount of ADL change” can be interpreted as changes in the trajectory intercept, increasing or decreasing the ADL score by a ﬁxed
amount. “Factors affecting the rate of ADL change” can be interpreted as the overall slope of the ADL trajectory (time) or changes to the slope (interaction
terms).
bInteraction of this variable with time.
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procedures, BK and AK procedures were associated with
worse ADL scores (1.33 and 1.83 points, respectively).
We retained the acute myocardial infarction variable
despite its nonsigniﬁcance (P ¼ .95) because its interaction
with time was very close to being statistically signiﬁcant
(P ¼ .055).
“Factors affecting the rate of ADL change” in Table II
are interpreted as the slope of the ADL trajectory, or
changes to the slope. The overall slope (time), 1.06
points per month, represents the average rate of change
in ADL score, excluding the effects of diagnoses with inter-
action terms. Thus, residents’ ADL scores improve approx-
imately 1 point per month after the hospital stay. Other
coefﬁcients add or subtract from this value. For example,
acute myocardial infarction and coronary heart disease are
associated with more negative slopes, indicating that they
are associated with faster improvement, whereas stroke
more than 6 months before hospitalization has a positive
coefﬁcient and is therefore associated with slower improve-
ment. Relative to TM procedures, BK slows ADL recovery
by 0.32 points per month, whereas AK slows ADL recovery
by 0.67 points per month.
Fig 2 shows the expected ADL trajectories for hypo-
thetical groups of patients on the basis of the model in
Table II. Because of the interaction terms in the model,
the combined effects of procedure and covariates onresidents’ ADL trajectories can only be visualized for spe-
ciﬁc groups of residents. From a moderately impaired
pre-hospital ADL score of 9, all residents show worsened
ADL scores after hospitalization, with the AK group having
the greatest change. On average, the ADL trajectories for
all residents subsequently improve, with only the TM
group returning to baseline in 6 months. The ADL trajec-
tory shows greater improvement for the BK group
compared with the AK group, but neither group returns
to their prehospital ADL level. Fig 3 compares ADL trajec-
tories for a group of residents who had a BK procedure,
changing the comorbidities that are present while holding
other variables constant. The residents with a history of
stroke or ESRD improved more slowly after hospitalization
than did residents who did not have a history of stroke or
ESRD, whereas residents with coronary heart disease
improved somewhat faster. Fig 4 depicts the expected
ADL trajectories for a hypothetical group of patients,
showing the effect of varying amputation level and comor-
bid diagnoses while holding other characteristics constant.
Patients with a history of ESRD and stroke undergoing
BKA had functional trajectories similar to those in patients
undergoing an AKA who did not have these comorbidities.
DISCUSSION
We evaluated the functional status of nursing home
residents after amputation with the use of ADL scores to
Fig 3. Postamputation Activities of Daily Living (ADL) trajec-
tories for hypothetical nursing home residents with the following
characteristics: 81 years old, male, prehospital ADL score ¼ 9,
Cognitive Performance Score (CPS) ¼ 2, hospital length of stay ¼
8 days, and a below-knee (BK) procedure. The three lines show the
effect of varying comorbid diagnoses while holding other charac-
teristics constant. CHD, Coronary heart disease; ESRD, end-stage
renal disease.
Fig 2. Postamputation Activities of Daily Living (ADL) trajec-
tories for hypothetical groups of nursing home residents with the
following characteristics: 81 years old, male, prehospital ADL
score ¼ 9, Cognitive Performance Score (CPS) ¼ 2, hospital
length of stay ¼ 8 days, and no comorbidities. The three lines show
the effect of varying procedure type while holding other char-
acteristics constant. AK, above knee; BK, below knee; TM,
transmetatarsal.
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residents undergoing BK and AK amputations failed to
return to their functional baseline within 6 months. BK
amputation had a better functional trajectory compared
with AK amputation, which suggests that limb preservation
is of beneﬁt, even in this frail cohort. ESRD, stroke, and
poor cognitive performance scores were associated with
poor functional outcomes after an amputation and may
be considered as indications for performing an AKA, on
the basis of the equivalently poor trajectories for BKAs.
With increased interest in evaluating utilization and
outcomes, the ability to assess functional outcomes is of
signiﬁcance in treating elderly patients. Evaluation of
nontraditional outcome measures, such as expected func-
tional trajectory, are useful tools in the decision-making
process for elderly patients requiring an amputation and
may allow physicians and patients to make more informed
choices for their procedures. Previous studies have evalu-
ated posthospital ADL trajectories in nursing home resi-
dents, including those with hip fracture, congestive heart
failure, stroke, pneumonia, and sepsis, and have demon-
strated that except for residents with hip fracture, residents
with acute hospitalizations for several other diagnoses do
not return to baseline function within 6 months of hospital
discharge.11
Other authors have evaluated functional outcome of
patients who underwent amputation. Suckow et al14 evalu-
ated 436 patients who subsequently received an AK, BK,
or minor amputation after lower extremity bypass. They
reported that patients most likely to remain ambulatory
were those living at home before the surgery. They docu-
mented the presence of several comorbidities associated
with patients who are less likely to achieve a good func-
tional outcome, including coronary disease, dialysis, and
congestive heart failure.14 This analysis found similar resultsregarding comorbidities in that prehospital diagnoses of
ESRD, stroke, and diabetes were signiﬁcantly associated
with inferior functional trajectories after amputation.
Nehler et al15 evaluated the functional history of patients
undergoing major amputation in an academic vascular sur-
gery practice and concluded that the ability to predict
ambulation after BKA in the vascular population is poor.
Frykberg et al16 described that major lower extremity
amputation in the patients $80 years of age was associated
with a considerable mortality rate and deterioration of
functional and residential status. They reported that post-
operative functional status remained unchanged in 40%
and worsened in 55% of patients. We have demonstrated
in nursing home residents that functional status did not
return to baseline by 6 months after amputation. Other
authors have stated that when preservation of function is
the chief concern, amputation should be performed at
the lowest possible level.17 Suckow et al14 reported by
life-table analysis at 1 year that the proportion of surviving
patients with a good functional outcome varied by the
presence and extent of amputation (proportion surviving
with good functional outcome ¼ 88%, no amputation;
81%, minor amputation; 55%, BK amputation; and 45%,
AK amputation; P ¼ .001). This study demonstrated
similar ﬁndings for nursing home residents in that there
was signiﬁcant beneﬁt to limb preservation. This study
has also demonstrated the importance of baseline function
and cognitive status as a predictor of functional outcomes
in the nursing home population. Poor baseline ADL func-
tion and poor baseline cognitive performance scores were
signiﬁcantly associated with poor functional trajectories af-
ter amputation. Other authors have described signiﬁcant
predictors of poor functional outcome as impaired ambula-
tory ability at the time of presentation and the presence
of dementia.18 One theory for this is that hospitalized
Fig 4. Postamputation Activities of Daily Living (ADL) trajectories for nursing home residents with the following
characteristics: 81 years old, male, prehospital ADL score ¼ 14, Cognitive Performance Score (CPS) ¼ 2, and hospital
length of stay ¼ 8 days. The four lines show the effect of varying amputation level and comorbid diagnoses while
holding other characteristics constant. AKA, Above-knee amputation; BKA, below-knee amputation; ESRD, end-stage
renal disease.
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that is worse than their prehospital function, and
hospitalization-associated disability can occur despite
successful treatment of the admission-triggering illness.19
As well, others have suggested that postamputation reha-
bilitation is physically and cognitively demanding, and
those neuropsychological and clinical variables predict a
large amount of 6-month outcome variance. Cognitive dif-
ﬁculties may be considered mediators of poor outcome.20
This analysis demonstrates that baseline cognitive scores
and ADL scores were associated with poor functional tra-
jectories after amputation and may be considered in the pa-
tients requiring amputation as a tool to evaluate future
functional trajectories.
Other factors that were associated with poor functional
trajectories after amputation included age and sex. Authors
have evaluated the function occurring before and after hos-
pital admission for medical illness and reported that oldest
patients are at high risk of poor functional outcomes
because they are less likely to recover ADL function that
they lost before admission and are more likely to develop
new functional deﬁcits during their hospitalization.21 We
also discovered that women had worse ADL function after
amputation compared with that in men. Armstrong et al22
evaluated a New York State database for 14,555 nontrau-
matic amputations and concluded that when controlling
for age, prevalence of vascular disease was not signiﬁcantly
different by sex in diabetic and nondiabetic groups at all
amputation levels. That being stated, little evaluation has
been performed on sex disparity and function after amputa-
tion. Functional ability and social dependence were investi-
gated by personal interview of 107 lower limb amputees
surviving 1 to 5 years after surgery. AK or bilateral amputa-
tion and postoperative pain were associated with reduced
functional ability, and no signiﬁcant association was foundwith cause of operation or sex of the amputees.23 In this
analysis, female sex and age were signiﬁcantly associated
with inferior trajectories after amputation at any level.
With regard to comorbidities, ESRD, diabetes, and
stroke were signiﬁcantly associated with inferior function
after amputation, in which acute myocardial infarction
was not associated with poor functional trajectories. Previ-
ous studies that used ADL data have demonstrated that
among nursing home residents with ESRD, the initiation
of dialysis was associated with a substantial and sustained
decline in functional status. As well, lower extremity disease
was twice as high among individuals with diabetes.24 This
analysis has demonstrated that ESRD, previous stroke,
and diabetes mellitus are associated with poorer functional
outcomes than in patients without these diagnoses. Hypo-
thetical models created and presented in this analysis
demonstrate that on the basis of their poor functional tra-
jectory, a BK amputation may not be the procedure of
choice when these comorbidities are combined.
This analysis has several limitations. We analyzed a
large, national cohort of long-stay nursing home residents,
which is a highly selected cohort, and results may not
generalize to other populations of frail, older adults. Link-
ing nursing home assessments to Medicare data provided
more information on diagnoses than is available on the
MDS alone. However, the timing of MDS assessments
and hospital stays required us to exclude many residents
to provide adequate data before and after hospitalization
for meaningful analysis. Although we restricted our cohort
to those hospitalized for amputation procedures, the
coding schemes from different hospitals could be variable.
Given that we excluded patients who were readmitted
before an MDS assessment was performed, it is possible
that healthier patients are over-represented in the
posthospital trajectories. However, a shared parameter
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same results, which suggests that dropout was not informa-
tive. Finally, it is possible that the differences between pa-
tients who received different levels of amputation may
have affected model results.
CONCLUSIONS
AK and BK amputations among Medicare-eligible
nursing home residents were associated with similar initial
declines in functional status. Whereas neither functional
trajectory returned to baseline at 6 months after the proce-
dure, BK amputation had superior trajectories in this pop-
ulation compared with AK amputation. Functional status
after amputation in nursing home residents is multifactorial
beyond procedure type, and this analysis has demonstrated
worse functional trajectories after intervention were associ-
ated with female sex, poor baseline cognitive performance,
and poor baseline ADL scores. As well, comorbid condi-
tions including ESRD and history of stroke were associated
with signiﬁcantly inferior trajectories, and these patients
may beneﬁt from an AK amputation because their trajec-
tories are the worst. The ﬁndings of this analysis highlight
the importance of considering premorbid conditions,
cognitive status, and baseline ADL function before ampu-
tation in nursing home residents. These data may assist
providers and patients regarding the trajectory and time
course of changes in functional status after amputation
and physicians the opportunity to make more patient-
centered outcome decisions.
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Appendix (online only). Description of scoring for Activities of Daily Living (ADL) self-performance items
Score Description
0 Independent: no help or oversightdORdhelp/oversight provided only one or two times during past 7 days
1 Supervision: oversight, encouragement, or cueing provided three or more times during past 7 daysdORdsupervision
(three or more times) plus physical assistance provided only one or two times during past 7 days
2 Limited assistance: resident highly involved in activity; received physical help in guided maneuvering of limbs or other
nonweight-bearing assistance three or more timesdORdmore help provided only one or two times during past 7 days
3 Extensive assistance: while resident performed part of activity, over past 7-day period, help of following type(s) provided
three or more times:
e Weight-bearing support
e Full staff performance during part (but not all) of past 7 days
4 Total dependence: full staff performance of activity during entire 7 days
From Minimum Data Set (MDS) – Version 2.0; Centers for Medicare and Medicaid Services; September 2000.
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